Purpose: To assess the difference in retinal nerve fiber layer (RNFL) and optic disc algorithms between glaucomatous and normal Arab subjects using optical coherence tomography (OCT). Methods: RNFL thickness and optic disc parameters were obtained in 65 patients aged 50.1 ± 7.7 years. Percentage differences in all parameters were calculated and analyzed between groups. Results: The mean RNFL thickness around the disc and at all quadrants was significantly thinner in glaucomatous eyes than in normal eyes (P , 0.01). The greatest decrease in RNFL thickness was observed at the inferior (39.5%) and superior (39.3%) quadrants and at 1 o'clock (43%) and 5 o'clock (40%) hour sectors. Significant differences were observed between glaucomatous and control eyes in all disc parameters (P , 0.005) assessed. The disc area, cup area, mean cup/disc ratio, and vertical and horizontal cup/disc ratios were significantly larger (P , 0.01), whereas the vertical integrated rim area, horizontal integrated rim width, and rim area were significantly smaller (P , 0.001) in glaucomatous eyes than in normal eyes. Conclusion: Stratus OCT is still a valuable tool in the diagnosis of early glaucoma changes and, as such, its use should be encouraged in glaucoma clinics in Saudi Arabia. The best OCT parameters for detecting early glaucoma change were RNFL thickness in the inferior, superior, and 1 o'clock hour sector; the cup area; and the vertical integrated rim area of the optic disc.
Introduction
Glaucoma is the second-leading cause of blindness worldwide, accounting for around 12.3% of total blinding cases 1 and estimated to affect about 66.8 million people.
characteristics of glaucoma is an essential and crucial step for early diagnosis and proper management of the disease. Evaluation of the retinal nerve fiber layer (RNFL) and optic disc are fundamental for diagnosing and managing glaucoma. Evaluation of these areas is currently the standard procedure for detection of early glaucomatous retinal damage, as well as monitoring the progression of the disease. 8 However, with the high intra-and interobserver variability associated with the subjective technique, new imaging techniques have been introduced in the early detection, management, and monitoring of glaucomatous damage. 9 Optical coherence tomography (OCT) is one of the promising technologies capable of discriminating between glaucomatous and healthy eyes using various algorithms. [8] [9] [10] [11] [12] [13] [14] [15] Despite the recent introduction of spectral domain OCT, Stratus OCT 3000 (Carl Zeiss Meditec, Inc, Dublin, CA, USA) is one of the new generation of instruments with improved capabilities. The number of measurements per scan was increased up to 768 A-scans per image, and the axial resolution improved from 100 µ to 10 µ, in order to enhance the ease of use of the instrument. In addition, the Stratus OCT also incorporates 18 different protocols that are used for image acquisition, and an algorithm to assess the optic nerve head (ONH). It is also equipped with multiple RNFL and ONH asymmetry parameters that are used for detection of glaucoma.
Surprisingly, OCT is yet to find its place in the diagnosis and management of glaucoma in ophthalmology clinics in Saudi Arabia, despite its worldwide applications in this subset of patients. The study was therefore set out to assess the differences in both algorithm parameters of Stratus OCT in normal and glaucomatous eyes so as to evaluate their potential usefulness in identifying individuals with glaucoma in the region. The results will provide a baseline for comparison of the glaucomatous changes observed in other populations using both algorithms of the OCT with those observed in the Arab population.
Subjects and methods
This was a prospective controlled study conducted at the hospital of the King Saud University, Riyadh, Kingdom of Saudi Arabia. The university's institutional research ethics review board approved the study, and all participants gave a written informed consent prior to enrolment. Eligible participants were randomly recruited from patients visiting the hospital for regular eye check or management of their ocular conditions. The study adhered to the tenets of the Declaration of Helsinki (1975) as revised in Edinburgh in 2000.
A total of 65 patients (36 glaucoma and 29 normal patients) aged 50.1 ± 7.7 years (range 40-67 years) met the following criteria: age $40 years, visual acuity $20/40, spherical refractive error between -6 and +6 diopters (D), astigmatism #3 D, an open angle, good-quality OCT images, and reliable visual field indices obtained from the Program 32 dynamic strategy (Octopus 101 automated perimeter, HaagStreit AG, Koeniz, Switzerland). Visual field results needed to be reproducible in at least two consecutive examinations, with false-positive and false-catch trials under 15%. All images were taken by an experienced examiner. Normal eyes had a Goldmann applanation tonometer intraocular pressure (IOP) .8 mmHg but ,18 mmHg measured on at least three different days before the time of OCT examination. Glaucoma patients had Goldmann applanation tonometer IOP .21 mmHg on at least three different occasions and a glaucomatous visual field (Program 32 dynamic test result showing a cluster of four or more contiguous points on the corrected comparison plot and a probability value of ,5% confirmed on at least one visual field).
Patients were excluded if they had other intraocular or neurologic diseases that affected the RNFL, optic disc, or visual field; secondary causes of increased IOP; nonglaucomatous disc abnormalities; corneal opacities; advanced cataract; or a history of ophthalmic surgery. One eye of each patient was enrolled. If both eyes met the inclusion criteria, one eye was randomly selected.
Examination procedure
All patients underwent a complete ophthalmic examination, including medical and family history, visual acuity measurement, tonometry, slit-lamp examination of the anterior and posterior segments, and the Program 32 dynamic strategy.
The Stratus OCT was used for ocular imaging in subjects after dilation with one drop of tropicamide 1%. Crosssectional images from the macula, ONH, and peripapillary regions were obtained in all patients on the same visit by one examiner, who was masked from other test results of the subjects.
The RNFL thickness was obtained by the Stratus OCT using a near infrared low-coherence diode laser (840 nm) and a Michelson-type interferometer. 16, 17 Three images consisting of 256 A-scans along a 3.4 mm diameter circular ring around the optic disc were acquired over 1.92 seconds for each patient. A good-quality image was defined as one with generalized signal distribution, a reflectance signal from either RNFL or retinal pigment epithelium (RPE) strong enough to identify either layer, and no missing parts 
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Changes in stratus OCT algorithms in glaucoma caused by eye movement. Left eye data were converted into right eye format, and all data were exported into a personal computer. Peripapillary RNFL thickness parameters were automatically calculated by the software, including average thickness (360°); temporal (316°-45°), superior (46°-135°), nasal (136°-225°), and inferior (226°-315°) quadrant thickness; and thickness in each one of the 12 clock hour (30°) segments, with the 3 o'clock, 6 o'clock, 9 o'clock, and 12 o'clock position indicating the nasal, inferior, temporal, and superior region, respectively, as shown in Figure 1 .
The fast optic disc algorithm performs six 4 mm radial linear scans in 1.92 seconds. For each scan, the A-scan detects the anterior surface of the RNFL and the RPE. Then, the disc margin is automatically identified in the Stratus OCT by detecting the top and inner edges of RPE on each side of the optic disc. A line is then joined and measured as the disc diameter. The reference plane (the cup offset) was then determined by tracing a line parallel to the disc diameter with an anterior offset of 150 µm. This is then used to calculate all the fast optic disc parameters. The region above the reference plane is defined as the rim and below as the cup (Figure 2 ). There are two output displays, the individual radial scan analysis and the ONH analysis, as shown in Figure 3 . From both analyses the rim area, average nerve width at disc, disc diameter, cup diameter, rim length, vertical integrated rim area (VIRA), horizontal integrated rim width (HIRW), disc area, cup area, rim area, cup/disc (C/D) area ratio, horizontal C/D ratio, and vertical C/D ratio were calculated. To ensure the good quality of RNFL images, a minimum of five scans were taken and the best three were chosen for this study, excluding those scans with bad centering, artifacts, RNFL discontinuity, or RNFL misalignment. In all measurements, the internal fixation point was used. Disc images were included only when precise centering was present and after revision of the automatically placed disc limit positions. The disc margins were manually corrected by the operator when the automatically placed disc limit positions were not placed in direct contact with the edge of the RPE. Eyes in which the RPE border was not sufficiently precise were excluded from the study. Statistical analyses were performed using Graphpad Instat for Windows, version 3.00 (GraphPad Software, Inc, La Jolla, CA, USA). A value of P , 0.05 was considered statistically significant, and with 62 subjects the study had a power of 80%. The effect of age on the structural parameters was analyzed in both group eyes by using the Pearson-Spearman correlation test. 
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Changes in stratus OCT algorithms in glaucoma thicknesses were also compared between quadrants using the Kruskal-Wallis test for nonparametric variables.
Results
The demographic data of all patients and the results of unpaired t-test comparison between-group demographics have been represented in Table 1 . The mean ages of patients with glaucoma (51.9 ± 8.5 years), and normal patients (47.7 ± 6.0 years) were not statistically significantly different (P = 0.12), thereby controlling any age-related effects on analysis. Average spherical equivalent ± standard deviation (SD) refractive error was -0.3 ± 1.0 D for normal eyes, and -0.5 ± 1.9 D for glaucomatous eyes (P = 0.57). The average RNFL thickness was not statistically significantly associated with age of normal (R 2 = 0.001, P = 0.86) and glaucomatous (R 2 = 0.002, P = 0.79) patients. Also, the mean RNFL thicknesses measured at the four quadrants were not statistically significantly associated with age of both groups. The R 2 values (P-values) for the mean RNFL thicknesses at the four quadrants in normal patients were temporal 0.10 (P = 0.09), nasal 0.07 (P = 0.16), superior 0.03 (P = 0.39), and inferior 0.02 (P = 0.44). None of the optic nerve parameters (the rim area, average nerve width at disc, disc diameter, cup diameter, rim length, VIRA, HIRW, disc area, cup area, C/D area ratio, horizontal C/D ratio, and vertical C/D ratio) was significantly associated with age of normal (R 2 , 0.10, P . 0.05; for all) and glaucomatous (R 2 , 0.14, P . 0.05; for all) patients.
intergroup comparison of fast rnFl algorithm Table 2 is the result of unpaired t-test analysis of intergroup differences in all measured parameters of the subjects examined. The percentage difference was also shown. The mean RNFL thickness, the RNFL thickness at all clock hour sectors (1-12 o'clock), and the RNFL thickness at all four quadrants were statistically significantly (P , 0.01) thinner in glaucomatous eyes than in normal eyes. The mean differences ± SD in RNFL thickness at the superior, inferior, temporal, and nasal quadrants were 49.4 ± 3.3 µm, 50.0 ± 10.5 µm, 23.3 ± 2.1 µm, and 26.6 ± 4.0 µm, respectively. The greatest percentage changes in RNFL thickness were observed at the inferior (39.5%) and superior (39.3%) quadrants. A plot of RNFL thickness variation across the twelve clock hour sector in both groups (Figure 4) showed that the greatest percentage reductions in RNFL thickness in the glaucomatous eyes in relation to the normal eyes occurred at the 1 o'clock (43%) and 5 o'clock (40%) sectors.
intergroup comparison of fast optic disc algorithm
The disc area, cup area, and mean C/D ratio were significantly (P , 0.01, for all) larger in glaucomatous eyes than in normal eyes ( Table 1 ). The corresponding mean differences were 0.46 mm 2 , 1.51 mm 2 , and 0.45 mm 2 . In addition, the vertical and horizontal C/D ratios were also significantly greater in the glaucomatous eyes than in the normal eyes by an average of 0.34 (P , 0.0001). However, the VIRA, HIRW, and rim area were significantly (P , 0.001, for all) smaller in glaucomatous eyes than in normal eyes. The corresponding mean differences were 0.25 mm 3 , 0.64 mm 2 , and 1.04 mm 2 . The cup area and the VIRA showed the greatest percentage changes in the glaucomatous eyes from normal eyes (66.6% increase and 62.2% decrease, respectively) ( Table 2 ).
intragroup comparison of parameters
There were statistically significant differences in mean RNFL measured at all quadrants in the control (KruskalWallis analysis of variance, P , 0.0001) and glaucomatous eyes (Kruskal-Wallis analysis of variance, P , 0.0001). The columns analyzed were columns of mean temporal versus nasal versus superior versus inferior RNFL in the normal eyes. Similar comparison was also performed for glaucomatous eyes. Further analysis on Dunn's multiple comparison test showed that except for the quadrant comparisons between superior and inferior RNFL (P . 0.05) and temporal and nasal RNFL (P . 0.05), all other quadrant comparisons returned statistically significant differences at a level of P , 0.001 for the control eyes, and at a level of P , 0.01 for the glaucomatous eyes. Greater differences in 
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Zeried and Osuagwu RNFL thickness were observed when superior and inferior quadrants were compared with the temporal quadrant in the control eyes (57.9 µm and 56.8 µm; superior minus temporal, inferior minus temporal, respectively), and in the glaucomatous eyes (47.1 µm and 44.7 µm; superior minus temporal, inferior minus temporal, respectively).
Across the twelve 30° clock hours, the RNFL in normal eyes was thickest at 6 o'clock hour sectors and thinnest at 9 o'clock hour sectors. For the glaucoma eyes, it was the thickest at the 6 o'clock hour sector with 3 o'clock and 9 o'clock hour sectors being the thinnest (Figure 4 ).
Discussion
OCT has been widely used to characterize multiple pathologic conditions and collect morphological information for clinical and surgical decision making. 13 Studies have reported the usefulness of OCT in diagnosing and managing glaucoma elsewhere in the world but not in Saudi Arabia. [10] [11] [12] [13] [14] [15] 18 RNFL thickness was reported to decrease significantly with age, 13, [18] [19] [20] with an estimated loss of approximately 5,000 axons per year from birth to death reported in humans. 21 Using OCT, Girkin et al 19 also observed that age was associated with rim area, RNFL thickness, and inner retinal thickness. On the contrary, and similar to an observational, cross-sectional study conducted on 119 eyes of 60 normal Indian subjects, 22 the current study found that age was not predictive of RNFL measurements. It is important to note that the small number of subjects recruited in this study may have led to the nonsignificant association of the assessed parameters with age, so to detect such an association a larger population sample will be needed. On the other hand, by recruiting subjects of a very narrow age range (40-67 years), we have also indirectly controlled for any age-related effects on retinal measurements, which strengthens the findings of the current study.
In the current study, the average RNFL was thinner in glaucomatous eyes by about 36. 
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Changes in stratus OCT algorithms in glaucoma of the RNFL was greater at 1 o'clock and 5 o'clock hour sectors, the inferior and superior quadrants (Figure 4) . These results are consistent with those of previous studies [8] [9] [10] 12, [22] [23] [24] [25] in which the RNFL thinning in the inferior quadrant had the best discriminating ability for detection of glaucoma. Medeiros et al 9 showed that the RNFL thickness of the Stratus OCT performed better than the ONH and macular parameters in discriminating eyes that progressed by visual fields and/or optic disc stereophotographs from eyes that did not. NouriMahdavi et al 11 found the superior quadrant RNFL thickness at the 11 o'clock position to be the best parameter for detection of early glaucomatous change, whereas Kanamori et al 23 found the inferior quadrant and global RNFL thickness to be the best discriminating parameter. Similarly, in the current study, it was observed that the inferior quadrant and the 1 o'clock hour sector thickness of the RNFL algorithm showed the greatest changes in thickness in the early glaucomatous eyes. These changes in the inferior RNFL are in agreement with the expected pattern of damage in glaucomatous optic neuropathy.
Previous reports have found Stratus OCT fast optic disc algorithms to be reproducible, [26] [27] [28] [29] reasonably accurate, 30 and to perform well in discriminating eyes with glaucomatous visual field loss from healthy eyes. However, in one longitudinal study, 9 the fast optic disc parameters performed poorly in their ability to differentiate between progressing and nonprogressing glaucomatous eyes. Anton et al 13 and Zangwill et al 31 also found significant differences between normal eyes and ocular hypertensive eyes in optic disc parameters. The current study also observed significant differences in the optic disc parameters in glaucomatous eyes in relation to normal eyes. The disc area, cup area, and mean C/D ratio were significantly larger by 15.5%, 66.6%, and 60.4%, respectively, whereas the VIRA, HIRW, and rim area were significantly smaller by 62.2%, 37.0%, and 59.0% in the glaucomatous eyes, in relation to normal eyes. The current study also showed that except for the disc area, other ONH parameters performed well in differentiating early glaucomatous eyes from normal eyes. The findings are consistent with previous reports 8, 12, 25 where the ONH parameters, except the disc area, have also performed equally well in identifying early glaucomatous eyes. Although the presence of peripapillary atrophy can cause the misidentification of the disc margin when using the automated ONH analysis of the fast optic disc algorithm, 30 this was manually corrected by locating the correct position of the RPE edge. As such, this had little or no influence on the results of the current study. The vertical elongation of the optic disc observed here is thought to be due to severance and depletion of the superior and inferior arcuate fibers, which occurs in early stages of glaucoma.
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The results presented here also showed that both group eyes obeyed the ISNT rule (Inferior, Superior, Nasal, Temporal) in a similar pattern in relation to RNFL thickness. In both groups, significant differences in quadrant RNFL thickness were observed, with the thickest and thinnest RNFL quadrants being the inferior and temporal quadrants, respectively. It also confirms that the severance of the nerve fibers and excavation of the disc are unique features of glaucoma. 32 The findings of the current study are limited to patients with early glaucoma and, as such, cannot be applied to ocular hypertensive patients and/or patients with a more advanced glaucoma. Also, the ages of our subjects were much younger than is generally anticipated for glaucoma. Despite the control of age-related effects in this study, the results that no significant relationship exists between age and retinal measurements should be interpreted with caution, as a relatively small sample size was recruited in this study. However, the study presents for the first time the diagnostic importance of the device in discriminating between glaucomatous damage and normal subjects of Saudi Arabian origin. A future study in the region should consider recruiting a larger number of subjects of a wider age range as well, in order to investigate the discriminating ability of both algorithms and the effects of age of retinal measurements.
It is important to note that because the calculation of the ONH parameters was estimated based on six linear scans cutting cross-sectionally over the optic disc, disc areas lying between the scan lines were not subject to the analysis. As a result, the sensitivity in detecting a highly localized optic disc abnormality may be reduced in the OCT. Second, with the current version of the analysis software, it is not yet possible to get individual Mean retinal nerve fiber layer (RNFL) thickness measured at each clock hour sector in normal and glaucomatous eyes, and the percentage change that occurred in the glaucomatous eyes in relation to normal eyes. Differences in thickness were statistically significant at all clock hour sectors (P , 0.0001).
clock hour ONH measurements. On the other hand, comparing the performance of Stratus and its latest version (Cirrus OCT) revealed that the two devices have similar diagnostic potentials in preperimetric glaucoma. 33 The study 33 also noted that in a subset of patients a total of 16 RNFL defects that were not seen in the RNFL photography of the Stratus OCT were detected in the Cirrus OCT deviation-from-normal maps. It was not clear whether these defects were false-positive findings or whether they represent true RNFL losses. Though the true nature of these OCT defects may be confirmed by a follow-up assessment, the performance of OCT in such cases should be re-evaluated through a prospective longitudinal study. Thus, if a definite glaucomatous change occurs in the case in which OCT had previously detected an abnormality, OCT may predict the future development of glaucoma in these questionable cases.
Conclusion
Both algorithms were capable of differentiating early glaucomatous eyes from normal eyes, with the best parameters being the RNFL algorithm in the inferior, superior, and 1 o'clock hour sector; the cup area; and VIRA (optic disc algorithm). A combination of the results from both algorithms of a patient will lead to a better diagnostic precision. The use of this device or its newer generation should be encouraged in glaucoma clinics in Saudi Arabia.
